Aim-Human papilloma virus (HPV) types 16 and 18 have been associated with neoplastic conditions of the conjunctiva. However, the presence of this virus has not been reported in non-neoplastic disorders of the external eye nor has it been studied in normal conjunctival tissues. Methods-Ninety six paraYn embedded tissue specimens with neoplastic and nonneoplastic lesions and 19 conjunctiva samples free from overt disease were studied for HPV types 16 and 18 positivity with the polymerase chain reaction. Results-HPV types 16 and 18 DNA were identified in 57% of in situ squamous cell carcinoma, in 55% of invasive squamous cell carcinoma, in 20% of climatic droplet keratopathy, in 35% of scarred corneas, and in 32% of normal conjunctival tissue obtained during routine cataract extractions. Conclusion-These findings indicate that HPV types 16 and 18 are detectable with the polymerase chain reaction not only in epithelial neoplasms of the ocular mucous membrane but also in non-neoplastic lesions as well as in apparently healthy conjunctiva. (Br J Ophthalmol 1997;81:595-598) 
Many DNA viruses including human papilloma virus (HPV) have been found to play significant roles in the induction of human malignancies. [1] [2] [3] [4] Approximately 80% of genital tumours harbour HPV. 2 Other tumours, such as squamous cell carcinoma of the lung, larynx and upper respiratory tract, and oral mucosa have also been associated with HPVs. 3 Evidence exists for the oncogenic potential of HPV, particularly types 16 and 18. 4 5 In many body sites including the oral mucosa, tongue, upper respiratory tract, and cervix normal appearing tissues have been found to react positively with the HPV 16 and 18 primers. [6] [7] [8] [9] Histopathologically normal appearing regional lymph nodes from patients with cervical carcinoma revealed HPV 16 or 18 DNA in 50% of the cases. 10 HPV types 16 and 18 have been documented in dysplastic and neoplastic lesions of the conjunctiva. [11] [12] [13] However, few studies have evaluated the association of HPV 16 and 18 in non-neoplastic disorders of the external eye. The scarcity of such investigations prompted us to analyse the presence of HPV 16 and 18 in climatic droplet keratopathy (chronic actinic keratopathy) and injury related corneal scars as well as in clinically normal conjunctiva obtained during cataract surgery. We studied climatic droplet keratopathy because this entity appears to be caused by similar environmental factors that lead to epibulbar carcinoma. Posttraumatic corneal scars were evaluated to determine whether a non-neoplastic lesion of the ocular surface tissues would increase the likelihood of tissue harbouring HPV. The frequency of detectable HPV in the nonneoplastic conditions and normal conjunctiva was compared with the HPV positivity of in situ and invasive squamous cell carcinoma specimens.
Patients and methods
Specimens from 115 patients, 69 males (60%) and 46 females (40%) were included in this study. Haematoxylin and eosin sections from each specimen were examined histopathologically to confirm the diagnosis. Fourteen specimens with conjunctival squamous cell carcinoma in situ, 31 specimens with invasive squamous cell carcinoma, 20 specimens with climatic droplet keratopathy, 31 scarred corneas, and 19 specimens of normal appearing conjunctiva were included (Table 1) .
CELL CULTURE AND DNA SAMPLES
CaSki and HeLa human cell lines were grown in Delbecco's modified eagle medium (DMEM) supplemented with 10% fetal calf serum (FCS) (Gibco-BRL, USA). CaSki cells contain 600 copies of HPV 16 while HeLa cells contain 10-50 copies of HPV 18, integrated in their respective genomes. 2 Sample preparation for DNA extraction was performed as described. 10 
POLYMERASE CHAIN REACTION
The polymerase chain reaction (PCR) primers used in this study (Table 2) were synthesised by Integrated DNA Technologies, Inc, USA. Thermal cycler PCR System 480 and the Perkin-Elmer GeneAmp PCR reagent were supplied by Perkin-Elmer Cetus, USA.
The suitability of the extracted DNA for PCR amplification in each specimen was confirmed by successful amplification of a 110 bp fragment of the globin using PCO3 and PCO4 primers 14 and 1 µg DNA as a template. The conditions of PCR protocol were as described by Saiki et al. 14 The positive control was DNA extracted from normal blood lymphocytes while the negative control contained all PCR reaction mixture except the DNA template.
For HPV DNA detection, nested PCR was performed. In the first PCR, 1 µg of sample DNA was used as a template with the outer primer, while in the second PCR, 2 µl of the first PCR products were used as a template with specific inner primers for HPV 16 and 18, as shown in Table 2 , following PCR cycle conditions described by Nawa et al. 10 For nested PCR, 2 µl of the first PCR was used as a template with specific inner primers to amplify segments of diVerent lengths in each HPV as described by Nawa et al. 10 Forty cycles were performed as follows: 30 seconds at 94°C, 30 seconds at 55°C, and 2 minutes at 70°C; in the last cycle the extension step was increased to a total of 7 minutes.
The chosen primers applied in this study were able to detect one cell of HeLa in 10 000 lymphocytes using DNA extracted from formalin fixed HeLa cells and lymphocytes. These primers were also shown to be suYciently sensitive to detect 0.01 fg of cloned HPV 16 and 18.
10
DNA from both HeLa and CaSki cells was used as the positive control while no DNA was added to the PCR reaction tube for the negative control. Precautions to avoid possible sources of contamination were followed as described by McDonnell et al. 12 
VISUALISATION OF PCR PRODUCTS
After PCR amplification, a 10 µl aliquot of the reaction mixture was electrophoresed on 2% agarose gel (Perkin-Elmer, USA). Bands were visualised by ethidium bromide staining. Amplification of DNA bands of the appropriate size were identified by comparison with Gelmarker (Research Genetics, Inc, USA) and PhiX 174 RF DNA/Hae III fragments (Pharmacia Biotech, USA).
SOUTHERN BLOT ANALYSIS
The PCR amplified products were electrophoresed on 2% agarose gel; then the gel was equilibrated in 0.25 N HCl for 10 minutes. Then Southern transfer was conducted using Gene Screen plus membrane (NEN Research Products, USA) and 0.4 N NaOH as the transfer solution. The membrane was hybridised with HPV 16 and HPV 18 specific probes (Table 2 ) labelled with the use of the ECL 3'-oligolabelling System (Amersham). Signal generation was done using Amersham Signal Generation System (Amersham), and the resulting chemiluminescence was detected using Hyperfilm-ECL (Amersham) following the Amersham protocol.
Results
All of the DNA samples used in this study were found to be positive for globin amplification (Fig 1) . Figure 2 demonstrates the first PCR amplified DNA product using HPV outer primer. Nested PCR with inner primers for HPV 16 and 18 are depicted in Figures 3 and  4 respectively.
Human papilloma virus 16 and 18 DNA were present in four (29%) of 14 specimens in the carcinoma in situ group. In addition, four others revealed HPV 18 DNA alone (29%); no HPV 16 DNA alone could be identified in this group. In the invasive squamous cell carcinoma group (31 specimens), HPV 16 DNA and HPV 18 DNA were identified in four (13%) and six (19%) specimens respectively. In addition, seven others (23%) revealed HPV DNA of both types 16 and 18 together.
In the climatic droplet keratopathy group (20 specimens) HPV DNA was identified in two specimens, one (5%) was type 16 and the other one (5%) was type 18. In addition, two (10%) specimens revealed HPV DNA positivity with combined types 16 and 18 in this group. The HPV positivity in this group was 20%. Histopathologically, only one specimen out of 20 revealed dysplastic epithelial changes in addition to climatic droplet keratopathy; this specimen was negative for HPV.
In the corneal scar group (31 specimens) HPV 16 and HPV 18 DNA was identified in four (13%) and six (19%) specimens, respectively. In addition, one (3%) revealed positivity for HPV 16 and 18 DNA. Although not a single case with dysplastic changes was seen in this group, the overall positivity of HPV was 35%.
In the conjunctival tissue control group six (32%) of 19 specimens revealed positivity for HPV DNA.
Discussion
This study confirms reports of an association between conjunctival dysplastic/neoplastic change and HPV, although the HPV prevalence is higher in conjunctival neoplasms. With PCR, HPV can be detected in the conjunctiva and cornea in a significant number of patients with non-neoplastic lesions as well as in normal conjunctiva. The presence of HPV under these conditions raises the possibility that HPV may not cause conjunctival neoplasms, but be merely a secondary invader. Many aspects of the presence of HPV in the external eye remain unanswered (including its transmission to this site, its prevalence in diVerent disorders, and its oncogenic potential) and warrant further investigation.
In the eye, HPV DNA has not been studied in normal tissues nor has it been detected in specimens of conjunctival papilloma, naevus, melanoma, and pterygium. 11 12 15 Other studies reported positive HPV type 16 surface antigens in pterygia but antigens for types 6, 11, and 18 were absent. 16 An evaluation of the oncogenic role of HPV in conjunctival squamous dysplasia and neoplasia requires that diVerent nonneoplastic external ocular lesions and normal conjunctiva be investigated.
Epidemiological and histopathological findings strongly suggest that ultraviolet radiation is a major factor in the development of dysplastic and neoplastic changes in the conjunctiva and cornea. 17 McDonnell and coworkers felt that ultraviolet exposure alone cannot explain the development of conjunctival neoplasia in their series. 12 However, it is noteworthy that 25 of 35 (71.4%) of their neoplastic specimens also had solar elastotic changes. 12 Although 21 (84%) of those specimens were positive for HPV 16 DNA, all six pterygia in the same study were negative. Conceivably, the neoplastic development is triggered by multiple interacting factors. For example, an interaction between ultraviolet light and HPV appears to be an oncogenic stimulus in epidermodysplasia verruciformis, a disorder in which multiple verrucous lesions develop into papillary carcinomas in sun exposed skin. 4 18 19 Since carcinomas in epidermodysplasia verruciformis contain diVerent types of HPV, epidermodysplasia verruciformis is a convincing example of interactions between two oncogenic stimuli-namely, HPV and ultraviolet light. 19 20 Another factor to consider in the development of conjunctival neoplasms is chronic inflammation due to various infectious agents. The oncogenic eVect of chronic inflammation has long been studied, and the theory that a role of chronic inflammation exists in the genesis of neoplasia is supported with epidemiological evidence in cervical and oral cancers. 7 21 22 This is another issue to be considered in the development of conjunctival neoplasia in an environment like Saudi Arabia where external eye infections and trachoma have been common until recently. Ocular surface microtrauma has also been considered as an aetiological factor in conjunctival carcinogenesis. [23] [24] [25] Like conjunctival epithelial neoplasms, climatic droplet keratopathy is considered to be caused by ultraviolet light exposure but the two conditions rarely develop in the same eye. [26] [27] [28] [29] Normal conjunctival specimens, many of which had actinic changes, revealed 32% positivity with HPV types 16 and 18. It is noteworthy that the incidence of conjunctival mucosa HPV positivity in our series is similar to HPV positivity reported in normal oral mucosa by Jalal and coworkers.
